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t 

• RUH ~ ~ " 3 0  
IHTE~ATE~ 

C02 24.600 1.4~0 
H2B 9.9t0 0.0-~ 
COS 0,0!2 0,00~ 

0.~0 0.000 
1-~ ~,170 4~,190 
CO 21,0~0 26.$~0 
H"2 18.5~ 24,~0 
C~ 1,6't0 1,~0 

t ¢ 
STRI~ ~IB BA~ A]~OR~T ~ T  

I 
STRI~T 

J3,200 0,000 71,504) 5,91S 5,.5'1~ 0,000 
0,~4 0.000 2.~9 0,~0 0,216 0.000 
0.0~ 0,000 0,117 0,0t0 0,019 0,000 
0,000 0,000 9.000 9 2 , 7 6 4  9~.~9 9 9 . ~  

15,2'10 0.000 0.0'I>0 0,6t9 0.47Z 0.~2 
22,720 0o000 1,020 0,204 0,000 O,OCO 
14.750 100 ,000  24,560 0.202 O,OY'/ O.OOO 
3.400 0.000 0.420 ' 0.0~ 0.0~0 0.0¢0 

$ 
C,~.I~LATEB 

IH 

S ~  5~S STRIP H2 

C~ 0,5~! 0,000 
1-12S 0,020 0.0~0 
COS 0,001 0,000 

0,000 0,000 
I]2 0.747 0.000 
CO 0.474 0,000 
H2 0,417 0.1S2 

TOT~.. 2.2~ 0,182 
(LB~,n,,IR) 

OUT 
m 

¢ 
~ $  ~ ~I]) ~ TOT~ 

0.~1 0.001 0.020 0.02"0 
0,000 0,000 0,001 0,001 
0.0'00 0,000 9.000 0.0'00 
0,692 0,01~ 0,000 0.747 
0.4,% 0.029 O.OOB 0,47.'1 
0.3~ 0.013 0,1~ 0.5~ 
0.03! 0.®3 0,005 0 .0~  

1 .6~ 0 .0~  0.769 2.433 

TOTAL ~T 

0,6tl  
0.021 
0.00~ 
0.000 
0,70~ 
0,4~ 
0,60t 
0.0~7 

¢ 

110,3. 
101,7 
104,0 

0.0 
94,4 

102,0 

101,4 

$ 
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$ .$ 
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RE.m+ re.rePinER A-.IT-.ZO 
I~TEB 

I~TE .~/28/1+.~d~ 

CBLL~ ~ T I . ~  PAB:'ILE 

AtLRBR]~E9 Cr.4.L~ ~ =~97,2 PSIB 

TOT~ PACI(IiiB ~ i~T= 7,10 FEET 

PACKI3FB ~ = J/4" CEI~C IHTP_DX ,~I)tLES 

, - - >  SiK.ET P:~ 
l 
• 9.59 5r.F'H 
| 

HEOH FLOW + +,. 

-Z4,lZ F I $ 
- - -  >+ l 

$ It 
$ +,. 

I $ 
I I 

;It $ 
I $ 
$ 41: 
I " 2 9 . ~  F $ - -  
I I. 
It I 
I: I 
I I 
I[ I 
I $ 
It - Z l . ~  F l - -  
l + 
41: I 
$ $ 
$ I 
$ I 
I -2~,27 F :41:-- 
I I 
:It $ 
$ -21,50 F 1 - -  
$ I 
I I 
1 -14.11 F ' I - -  

:I,. , , ~ t - -  
lit :l 
>' 
Z ;W 

1Z,¢9 51}'~ I $ 
54.~ F $ $ 

w= l : x . z  ~ - z+z  ~r z~ . : i  1 : z~z~ l : , t - z~ : I : z : z  : l  

7.10 FT 

4,79 FI 

2.,~ FT 

1.21 FT 

O.79 FT 

0,31 FT • 

0.® FT 

TT"~I 

TI'~2 

TT3~ 

IT"~ 

6'.4.8 Ii'ILET 

4,79 

2.'~ 

1.21 

0,Zl 
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I-II~T i t  
P ~  

4,79 

2.46 

1.21 

0,Zl 

-29.63 

-31.77 

-28+27 

-14,11 

-2.i.50 



AM-35 

583 



F~..SU BEPARTIII'r}T OF CF~tC~L EHBIHFERIRB ¢ 

~I~ ~ R~OV~L SYSTE~ t 

RL~ HUBBER A-]i-~ 
IRTEBRATED RU~ 

DATE 6126/1980 

STR~AH COHPOSITIOH (~L %) 

C02 28,010 0.950 42,450 
H~S 0.807 0,0~ 0,526 
COS 0,045 0.003 0.038 
HEOH 0,000 0,000 1,310 
H2 33.190 45,500 4.210 
CO 20.200 27,~0 23.830 
H2 15.700 23+230 13,490 
CH4 2,010 2,4~0 4,110 

o.ooo 7 .,oo o.ooo 
o.ooo o.oo  
0,000 0,127 0,009 0,009 0,000 
0+000 2,910 93,9~4 94,365 99,901 
0,000 0,000 0,118 0,0~ 0,090 
0+000 1.630 0,04~ 0,000 0,000 

100,000 20.750 0o000 0,000 0,000 
0,000 0,~90 0,054 0,021 0,000 

t 
C~I.CL~T~ 

H ~  ]~AL~HCE (LB-~OIESJ]~) 

IN OUT 

SOUR ~ ~T~IP ~2 

C02 0,~18 0,000 
H2S 0,018 0,000 
CO.~ 0,001 0,000 
~OH 0,000 0,®0 
F.2 0,732 0.000 
CO 0,445 0,000 
H2 0,346 0,182 
CH4 O,04a. 0,000 

TOTAL 2,205 O, 182 

• FA~'T~S FLA$~A$ ~I]) r~S TOTAL IH 

0.015 0,0~6 0,582 0,618 
0,001 0,000 0,016 O,Ot8 
0,000 0o000 0,001 0,001 
0,000 0,001 0,024 0,000 
0,719 0,004 0,000 0,732 
0.~0 0,020 0,013 0,4"t5 
0+367 0,011 0,16L~ 0+528 
0,059 0,003 0,006 0+04~ 

1,581 O,OB5 0,809 2,3B6 

TOT~ 

0,633 
0.017 
0,001 
0,000 
0,723 
0,474 
0+~7 
0.0~9 

2,4.tl 

t 

102,4 
95,3 

111,9 
0.0 

98,8 
106,3 
103,4 
107,5 

102,301 

~ - F R ~ E  ~SIS 

TOTAL Mt'T~OL LO.~--~ 0,025 L~-~OL~S/HR = 0,117 C~LLO~]HR 
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I~I'EBRATEB RUH 
DATE ~/26/1980 

COL~H T~PERATURE PROFILE8 ~ H~SS BPtAHL'E8 

ABSOR~R 

~39~.61 PSI6 

. - - >  8}~ET t C~S 

illilli-& ~ ~ 

EO~ FLO~ ~ t 

(-36,31 F) ~ X 
X 

X ~CO~ ~ 
X 

]~- 2.50 IH H20 ~ # 

t 

~t-Z4.O~ Ft 
t 

- -  13.19 SCF~ -->; ~ : 
( ~.8~ F) I I : 

0.72 F~ 

$ $ 

P=96•75PSI8 

STRIPPER 

P= 9.87 P~I8 

.--> Ft.~SH 
: GAS 

! 

0,51SCF~ 
(82.49 F) 

$ 

$ 9.51 F~ 

, . . . . .  >$ • 
: $ 

! . ~ S  

4.84 S ~ i  
(71.32 F) 

t 

! (33.06 F) ~ 

: " t: 13.65' F~ 
Z ; t t 
;t : $ :D.:31 F$ 
t : Z 

. ~ ~ ~ ~ 0 . 4 8 I H H 2 0  

$ ~ .  
~ 11;05 F~ 

./,[ t ~t 

/,{ • 1 

t . $15 .08  F$ 

:i[ 16.12 Ft  
Z 

ST~IPPI~ ~2-- 1.09 SCF~ -->it $ 
(75,00 F) ~ 

t : ,  

! 

| 
o 

, > 
$ 
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lll~ ~ A.-H-35 
I~E~TE~ ~ 

D ~  612611980 

COLLr~ TE'-~E~TIJ~E PR~'~ 

TOT/~L P.'£EN8 HEISHT= 7,10 FEET 

P/~CKIH8 USE]) = 114' CEEAHIC INALOX 8~'~LES 

** 9,46 S~F~ 

-3~,31 F * * 
. . . .  >, * 

1 * 
• $ 

$ 1 
$ 1 

t * 

I t 

, , 
, , 
, , 
, -34,65 F 1 - -  * * 

* I 

$ "30,99 F I - -  

* 1 
, -25,30 F 1 - -  

* -17.77 F t - -  

* * 

S ~  ~S I~LET * * 
13,19 SCF~ ~ 

7,10 FT 

4,79 FT 

2,,~ FT 

"1,2I FT 

0.79 FT 

0,3I FT 

0.® FT 

TT'.'.'.'.'.'.'.'.'3~ 4,79 4,79 -~4,05 

TT~I 2,46 2,46 -:~,65 

"i'T~2 1,21 1,21 -30,99 

TT'~3 0.31 0.~I -17,77 

TT354 0.79 0.79 -25,30 
. . . . . . . .  i . . . . . . . . . . .  
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$ I 
I ACIB BAS B S Y ~  I 

R t ~ A - E - 3 6  
IHIT.BP~TEBEt~ 

~TE ~1~I~0  

ST RE~ CO?~:'O57.TiO~ (t'9}]. Z) 

C02 20.900 0,420 34,170 
0,892 0,068 0.569 

C~ 0,,1)48 0.004 0.0~ 
HF..OH 0,0~ 0,000 0,0'~ 
I"]2 33.4-~ 44.310 15.870 
C~ 17,030 20,..~:~ 22,020 
E2 26,190 3 3 , 0 . ~  26,490 
CE4 1,270 1,6~ 2.~¢ 

0.000 ~9,T/0 4.4~ 4,~02 0,0'~0 
0.0'~ 2,22~ 0.182 0,180 0.02:~ 
0.0'~ 0,13Z 0,010 0,010 0.0~'0 
0,000 0,0~ ~',037 ~,411 99,947 

0°(~'0 0,970 0o214 0,0~ 0°030 

0,®0 0,360 0,~00 0,00~ 0,0~ 

$ 
CAL~%~T~ 

IE OL~ 
m 

CD2 O.476 0,0~0 
!.~ 0,020 0 , ~  
COS 0,0~I 0,000 
i~..I 0.000 0.1~'~ 
H2 0,762 0 , ~  
CO 0,:3~ 0,0~ 
i'!"2 0,597 0.1~ 
Ci'M 0.029 0,000 

TOTAL 2.278 0,182 
(Lg'@,(~t]R) 

$ 
BW~'T~ ~ ~113 E~ TOTAL IE 

0,007 0.019 0.518 0.476 
0°®1 0°0,~ 0.017 0.020 
0,0,~ 0.0~0 0.0~1 0.001 
0.0~ 0o0~ 0.000 0,O00 
0.787 0,008 0.000 0,7~ 
0,366 0,012 0,®7 0 . ~  
0,~7 0,0t5 O° 197 0,779 
0,030 0,~2 0,~:3 0,029 

1,776 0.0~ 0.743 2.4~ 

TOTAL 

0,5~ 
0.018 
0o001 
0.0,~ 
0°7T5 
0,3~ 
0,798 
0.034 

2.576 

~t 
Z !~174~Y 

114.4 
B~,9 

O,O 
1,~.3 
9%2 

102,5 
117.8 

104,928 

$ 
~-FIL~ I~XS 

TOTAL ~ LI]~= 0°0~ ~ = 0°0~ 
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IhrFEGRATEB RU~ 
l)~t'[. 7 /18/1~ 

CO.L~ ~ATU~ PEOFIL~ ~ ~ ~ S  

i ,  
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.! 
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F':-:ea+m m:m 
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m.,++ 
lk 

. . . . .  l . . j .  

I I 
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- -  0,,~ ~ - - )+  + 
(-32,~ F) W[ $ 

:~ X~XXX = 

2 .~  Im H20 ~ I 

$-~+,20 F: $ $ 
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- -  13,&3 St~"~ -->+ Z 
( 57,~=0 F) I :l. 

-1.72 F:~ 

t : 
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.) 
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e 
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FL.e~ T~hX 

41 

0.~ 
(~, !0  F) 
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$ 8oP) F~ 
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I t 
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I I 
I I 

$ I 

I $ 

~T~iPPi~ ~- -  1.09 ~ -->~ 
(75,00 F) $ .$  

, ' - >  AC3]~ 
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tD ' 

4.44 
(T/,,.gO F) 

. t  
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: .  $ 
' $ 

• $ 

: I 

: $ 
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t. 
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f • 
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> 
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1 6 ~  F$ 

Z l~+&t F$ 

20j2 F$ 
$ t 
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Z $ 

$ 20+64 F~ 
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• z z - T o  
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I~TE 7 / 1 ~ 1 ~  

COLLr~ T i ~ ' i ~  i~'ILE 

AI~O~B~ C~LL~ P~55L~ =29~,9 P5!8 

TOTi~.L PP,~IE5 t'~I61~': 7,10 FEET 

P ~ I ~  LL~ : 1/4' CE~!~ IET~O~' 

H ~  FLO~ 
0.79) 6P~ 

-~2.38 F 

1:~./,~ 
b7.,W F 

| 
| 
s 

Z 
$ I 
Z $ 

}Z t 

Z 

$ $ 

$ $ 

-~0,:20 F $ - -  

$ $ 
$ -~,2~ F S u  

$ $ 
-1~,92 F $ - -  

-14.41 F $ - -  

$ Z 

7.10 FT 

4.79 FT 

2.~  FT 

1,~ FT 

0,7~ FT 

0.3! FT 

0.® FT 

~ T i ~  
6A5 II~L.E'~ PA.~'E'A6 

~ T ~ ( F )  

4.79 4.79 

Ti'~l 2 .~ 2.46 

TT~"-'~. 1.21 1.21 

0.31 0.31 

TT3~ 0.79 0,79 
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-~.20 

-~,22 

-14,41 
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m $ 
$ HCBU ]~ART~ OF ~10~ ! .  B,SI~T.~I~B , 

X 

I I 

IN~TEi) 

BTREAB CO~ITIO~ (EL'~ %) 

L'02 2~.~0 0.~0 ~7.B20 
H2S 0.~3 O.~l 0,62~ 
COS 0+047 0.®~ 0.043 

0,000 0.000 0,870 
H2 ~+gzo 54.%0 11.~ 
CO 18.810 ~,920 22.;340 
N2 14,~0 1 9 * ~  12.94t) 

1.1.50 1.160 ;~.ITO 

BTRi~ ~Clg B~ ~ T  ~ T  BTRI~90T 

0.0~ 71.0~ 5.406 4,975 0.0~ 
0,0~0 2.260 0.1t~ 0,179 0,0~ 
0.0~ 0.130 0.010 0.010 0.00¢ 
0,0'~ 4,0:~ 93.B:~ 9~,667 99,~0 
0,0~ 0,0~ 0+000 0+000 0,0¢0 
0.00<> o.gTo 0.:~10 O.O~:) 0.01~ 

100,0~ 21.1~ 0.171 0.044 0.114 
0.000 0.220 0.067 0.037 0.(~20 

OLrf 
m 

~ 6~S S i~tF' 

CO2 0.5"79 0,000 
H2S 0.020 0.00~ 
COS 0 .~ t  0.000 
EEOX 0.0~ 0.0~ 
112 0,90~ 0+000 
CO 0.43~ 0,000 
B2 0,343 0.182 
CI~ 0.027 0.000 

TOTAL 2.~13 0.1~2 
( I . . B - . ~ )  

Z 
eJ;E~P~A~ ~ AC~ E~ TOTAL IH 

0.011 0.0~ O..~T 0.~;/9 
0.®1 0.001 0.019 0.020 
0.000 0.04~0 0.001 0.001 
0 ,0~  0,001 0 ,0~  0,0'~ 
0.92~ 0.012 0.000 0,90'0 
0,'~2 0.02~ 0.0'~ 0.4~ 
0.:325 0.013 0.17"5 0J52~5 
0.020 0.003 0.002 0.027 

1.6~ 0.10'I 0.~0 2.4~7 

TOT~- 

0.6...~ 
0,020 
0,001 
O,O~) 
0.9T7 
0.4~ 
0,514 
0.025 

2,.T'~ 

¢ 
Z I~OV~Y 

112,2 
100.6 
106.6 

0,0 
I~.,1 
~ .7  
97.9 
92,5 

10:~,7'J2 

I{ 

TOTAL ~ LO~ 0.0:34 L ~ ~  = 0.164 
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C~.L~ ~ T I . ~  

TOTAL Ff~Iti'G I'~IE~Tt': 7.10 FEET 

PA~;tt9 ~ = 1/4' CiEL~tC 1ETa.O:( EA.Z]~B 

10,07 
| 
1 
t 

. . . . . . . . . . . . . . . . .  • L . , ,  

t~OH FLO~ ¢ ¢ 
0,784 ~N ; 

-~6,~ F Z $ 
, . ,  )~ 

$ $ 
$ ¢ 

... .  " '  : - t - -  
$ ¢ 
$ ¢ 
¢ $ 
$ $ 
$ $ 
$ $ 
Z -26,6~ F ::1:~ 
$ Z 
$ $ 
¢ $ 
¢ $ 
:It $ 
$ ¢ 

--27.5t F $---:- 
$ $ 
$ ¢ 

¢ $ 
¢ ¢ 
$ -22.20 F ¢ - -  
$ $ 
$ $ 
$ -16,03 F ; t ~  
¢ $ 
$ $ 

-10.07 F $ ~  
$ ¢ 

$ $ 
. . . . . . .  >$ ¢ 

13,8~ ~ 1 $ 
59,92 F $ ¢ 

740 FT 

4,79 FT 

2,46 FT 

1,21 FT 

0,79 FT 

0,31 FT " 

0,® FT 

4,79 4,79 

TT~I 2,46 2,46 

TT3..~2 1,21 1,21 

TT3~ 0,31 0,:3t 

TT3~ 0,79 0,79 
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POLLUTION CONTROL GUIDANCE DOCUMENT 
FOR 

LOW-BTU GASIFICATION TECHNOLOGY: 

BACKGROUND STUDIES 

W. C. Thomas, G. C. Page and D. A. Dalrymple 
Radian Corporation 

8500 Shoal Creek Boulevard 
Austin, Texas 78758 

ABSTRACT 

The Environmental Protection Agency is currently preparmng a Poliu- 
tionControl Guidance Document i(PCGD) for low-Btu gasification (LBG) facili- 
ties which use atmospheric pressure, fixed-bed gasifiers. The PCGD is intend- 
ed to aid industry and government in their efforts to commercialize LBG tech- 
nology in an environmentally acceptable man~'er. This pape r presents some of 
the preliminary results of background studies performed to Support the devel- 
opment of the LBG PCGD. 

A model plant approach was used to assess the environmental control 
needs for LBG facilities. The plant configuration and coal feed combinations 
for which pollution controls were identified and evaluated were Selected based 
on existing and proposed plants in the U.S. The major .variables examined were 
coal feed type (anthracite, lignite, and high- and low-sulfur bituminous coals) 
and degree of product gas' purification (production of hot s cooled, and desul- 
furized low-Btu gas). in all, eleven combinations of these variables, i.e., 
model plants, were selected for study. Each model plant had a nominal capacity 
of 45 MJ/s (150 x 106 Btu/hr) of low-Btu gas~ 

• Multimedia pollutant sources and pollutants of potenti~l concern were 
identified and quantified for each model plant. The bases for these determin- 
ations were ~ field test data and calculated emissions projections. The EPA's 
!ow-Btu gasification environmental assessment program was the major source of 
the field test data, but results from other government and industry test pro- 
grams were also used. 

Control/disposal options were identified and eva!uated for•each 
discharge stream. Factors that were considered included the need for control, 
current industry practiceS, control equipment performance, capital investment 
requirements, annual operating costs, energy impacns, and secondalry environ- 
mental discharges. 
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POLLUTION CONTROL GUIDANCE DOCUMENT 
for 

LOW-BTU GASIFICATION :TECHNOLOGY: 

BACKGROUND STUDIES 

INTRODUCTION 

Over the past several years the United States has moved from a posi- 
tion of energy independence to one of energy dependence. A decade ago this 
country imported only about ten percent of its crude oil needs and now the 
figure is around fifty percent. The amount of oil and gas produced in the U.S. 
has declined slightly over this period despite a doubling of drilling activity. 
The country's vast coal reserves, however, have not been developed with the 
same intensity. With the changing energy picture there has been a growing 
interest on the part of govermment and industry in the technologies that 
produce clean fuels and chemical feedstocks from coal. One such technology is 
low-Btu coal gasification (LBG). 

The Environmental Protection Agency is responsible for ensuring that 
LBG technology and other alternate energy technologies are developed in a man- 
ner which protects public health and the environment. As part of that effort, 
the EPA has initiated programs to assess the environmental impacts of LBG. 

The EPAhas developed the Pollution Control Guidance Document (PCGD) 
concept to aid industry and government in their efforts to commercialize iow- 
Btu gasification technology in a manner that will be environmentally accept- 
able. The primary purposes of a PCGD are to: 

Provide guidance to permit writers on the best control approaches 
presently available at a reasonable cost for the processes under 
consideration. 

@ Provide system developers with an early indication of EPA's as- 
sessment of the ~pproprlate multimedia environmental protecti~ 
needs for each of these processes, considering costs, so that de- 
velopers can design their facilities to achieve this level of 
protection (rather than add potentially more costly retrofit 
controls later). 

Describe to public interest groups EPA's judgment of the best 
available controls for these processes. 

Provide the regulatory offices in EPA with information useful in 
developing future regulations. 

The !ow-Btu gasification PCGD will describe the performance capabil- 
ities and costs of currently available controls for LBG facilities which use 
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fixed-bed, atmospheric pressure gasifiers. ~ (This type of gasifier is be!ievid 
to be the likely candidate for near-term commercial use). ~The ~CGD will•pro- 
vide guidance both for currently regulated pollutants and for sources and/or 
pollutants not covered by current standards. The guidance wi'!!be based on a 
coordinated evaluation of available data by EPA's research and development, 
regulatory, and permitting/enforcement offices. In the PCGD, suggested levels 
of environmental protection considering costs, multimedia tradeoffs, and con- 
trol system re!iabi!itywill be specified for all air, water, solid waste, and 
product/by-product streams. The PCGD will consist of three volumes whose 
contents can be summarized as follows: • 

~e Volume I will describe the technology, identify applicable 
existing regulations, and present the control guidance; 

® Volume II will summarize all of the data employed and present 
the baseline en~neering design, waste stream charaateriza£ions 
and control option evaluations; and 

• Volume III (Appendices) will contain detailed data listings and 
calculations which support the guidance. 

This paper presents some of ~he preliminary results of background 
studies being conducted to support the development of the LBG PCGD. Included 
in this paper are: i) a description of the technology and an identification 
and characterization of its multimedia discharges (including flow rates and 
factors affecting discharge characteristics)~ 2) an identification and evalu- 
ation of available control techniques~ and 3) an estimation Of the capital and 
annuaiized cost impacts of available controls. , 

Technology Overview 

Low-Btu coal gasification technology has been commercially available 
for over 60 years. In the U.S., there are currently 20 known LBG plants either 
in operation, under construction, or being planned for construction in the ~ near 
future. All of the commercially operating plants use fixed-bed, atmospheric 
pressure ga~fier s a~d are ge~ezal!y located i~ the indastrialiozed Mi'~west an~ 
Northeast regions of the Country. Feedstocks used at those plants include an- 
thracite, lignite, and low-sulfur (<1%) bituminous coal. • No high-sulfur coals 
are currently in use. The only gas purification process used at most of these 
plants is a hot: gas cyclone for particulate removal. Tar and oil remo~ral using 

gas quenching/scrubbing is practiced at one plant and is lproposed for several 
future plants. Sulfur compound removal is currently practiced only at one 
plant. Current end-uses of iow-Btu product gas include fuel for brick and lime 
kilns, process heaters~ and steam boilers. 

LBG systems featuring fixed-bed, atmospheric pressure gasifiers are 
most suitable for relatively small applications~ with fuel demands ranging from 
about 8.8 to 88 MW Of thermal energy (30-300 million Btu/hr). This would re- 
quire using from 1 to i0 gasifiers~ depending on the coal feed. Energy demands 
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greater than about 88 MW (300 million Btu/hr) may be better served by gasifica- 
tion systems using gasifiers with larger capacities (for example, pressurized 
gasifiers). 

Applicable Existing Federal Regulations 

New !ow-Btu gasification plants will have to comply with existing 
Federal regulations for i) sources within the plant that are already subject to 
regulation (NSPS); 2) the disposal of so~idwastes-(RCK~[;-and-3~Ambie~h-based 
limitations, such as National Ambient Air Quality Standards (NAAQS), Prevention 
of Significant Deterioration (PSD) requirements, Water Quality Criteria, and 
Drinking Water Standards which may indirectly limit the quantities or concen- 
trations of compounds in specific source discharges. However, at the current 
time there are no Federal regulations which apply to specific air or water dis- 
charge sources within an LBG facility. In addition, products and by-products 
may be subject to restrictions if they contain toxic substances. 

Ne~ plants will also be required to comply with state and local regu- 
lations. The guidance in the PCGD is not intended to supersede the require- 
ments of any of these existing or proposed regulations. 

Approach Used For Background Studies 

In conducting the background studies, an inventory of waste streams 
and pollutants generated in model plant facilities was prepared and an assess- 
ment of the performance and costs of various control alternatives for those 
stresms and pollutants was made. The approaches used to develop the pollutant 
inventory and to select and evaluate applicable controls are briefly described 
below. 

Pollutants Considered. A listing of all the currently regulated pol- 
lutants which have been found in the gaseous and aqueous wastes from LBG facil- 
ities is provided in Table I. The major pollutants not listed in this table, 
hut which are expected tO be present in an LBG system's discharges are poly- 
cyclic organic matter (POM), hydrogen cyanide and ammonia in the uncontrolled 
gaseous emiesions~ and a number of specifi~ ~r~amic compounds ~hichare only 
covered by gross parameters such as "organic carbo~' in the aqueous effluents. 

Model Plants. A model plant approach was used to characterize the 
potential uncontrolled discharges from LBG systems and to evaluate pollution 
control alternatives for those discharges. The model plants selected represent 
processing configurations currently in use or proposed for use in the U.S. 
Each has similar processes in the coal preparation and coal gasification oper- 
ations. They differ in the areas of coal feedstock used and the degree to 
which the low-Btu product gas is purified. For the background studies, recom- 
mendations ware not made as to which model plant should be used, but pollution 
control information for the discharges from each model p!antwas developed. 
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The characteristics of the coal being gasified influence the presence, 
composition and flow rates of the discharges from low-Btu gasification plants. 
In order to evaluate the impact of coal properties on the discharge streams, 
four different coals were examined: anthracite, lignite, low-sulfur bituminous 
coal, and higE-sulfur bituminous coal. These feedstocks span the range of 
coals and coal properties which are or might be used in low-Btu gasification 
plants. 

Using the data sources described below, mass balances were calculated 
for a basic plant capacity of 45 MW (approximately 150 x 106 Btu/hr) of ther- 
mal energy in the product gas (based on the higher heating value of the gas). 
This capacity is representative of the plant sizes expected to be constructed 
in the near future. The mass balances provided a consistent basis for calcu- 
lating "uncontrolled" mass discharge rates. 

• Based upon the expected characteristics of the waste streams, pollu- 
tion control processes were identified and evaluated. "Secondary" waste 
streams resulting from pollution control were also defined and controls for 
these streams evaluated. 

Data Sources. ~e major source of data used in the background 
studies is an EPA-sponsored environmental assessment program for low-Btu gmsi- 
fication technology, As part of that program, a series of field test programs 
are being conducted. To date, three data acquisition programs have been com- 
pleted, another is on-going and a fifth isplanned for the fall of 1980.1,2, 3 
All test sites are either commercially operating or commercial-size demonstra- 
tionunits located in the U.S. Additional data sources are other government 
and industry sponsored test programs. 

information used to identify and evaluate pollution control alterna- 
tives was mainly obtained by technology transfer, i.e., extrapolation from 
other industries with identical or similar pollution control problems. Addi- 
tional technical information was obtained from process vendors, process devel- 
opers, and published literature. Only limited pollution control information 
was obtained from the field test programs because of the essentially "uncon- 
trolled" nature of the sites tested. 

PROCESS DESCRIPTION AND POLLUTANT SOURCES 

Low-Btu coal gasification systems can be considered to consist of 
three basic operations: coal preparation~ coal gasification~ and Eas purifi- 
cation. Each of these operations in turn consists of process modules that are 
employed to satisfy the functions of the operations. 

As mentioned previously, a model plant approach was used to character- 
ize the potential uncontrolled discharges from LBG systems and to evaluate pol- 
lution control alternatives for those discharges. Block diagrams of the three 
model plants examined are shown in Figure i. These represent all the proces- 
sing configurations of plants currently operating or proposed in the U.S. 
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The first model plant produces a hot low-Btu product gas. The only 
gas purification process used is a hot gas cyclone for partial removal of 
entrained particulate matter. This process configuration is typical of most of 
the plants currently in operation and several plants which are proposed or 
under construction. 

The second model plant produces a cooled low-Btu product gas. In this 
plant, a series of wet scrubbers are used to quench and cool the hot gas. This 
step also removes additional particulate matter and the majority of tars and 
oils present. This configuration is similar to an existing LBG plant which 
uses Chapman g~sifiers. 

The third model plant produces a desulfurized product gas and as a re- 
sult has the most extensive gas purification scheme, in addition to a hot gas 

cyclone and quenching/cooling, this model plant uses an electrostatic precipi- 
tator for removal of residual tars/oils and a sulfur removal process. Avail- 
able sulfur removal processes can be broadly classified as i) those that remove 
sulfur compounds and directly convert them into elemental sulfur, and 2) those 
that remove sulfur compounds and produce an off-gas containing the removed 
sulfur species. An evaluation of these processes, including discussions with 
process licensors, indicated that the direct oxidation processes are the pre- 
ferred sulfur removal technique for low-Btu gas derived from fixed-bed, atmos- 
pheric pressure gasifiers. While some of the other types of processes (e.g., 
the monoethanolamine process) could be used, difficulties would be encountered 
in treating the sulfur species laden off-gas due to its high C0 2 content. 
This conclusion is supported by the fact that all existing and proposed designs 
of LBG facilities which remove sulfur species use direct oxidation processes. 
Thus, for the Model Plant IIi systems, only direct oxidation processes are 
examined for sulfur removal. For study purposes, the Stretford process was 
selected as being representative of commercially available direct oxidation 
processes. 

Descriptions of the three basic operations~ the process modules which 
might 5e found in them~ and the potential discharges from each operation are 
presented in the following sections. 

Description Of The Coal Preparation Operation 

Fixed-bed, atmospheric pressure gasifiers require a sized coal feed. 
Current practice at all commercial LBG facilities in the U.S. is to purchase 
pre-sized coal, eliminating the need for on-site crushing and sizing equipment. 
Future LBG facilities are also expected to purchase pre-sized coal. As a re- 
su!t, coal preparation requirements for these facilities will most likely con- 
sist only of coal receiving and storage, and means for transporting coal from 
storage to the gasifier coal feed hoppers. Some facilities though may have to 
perform final, on-site sizing if fuel size degradation occurs in shipment. 

Discharges from the coal preparation operation include airborne coal 
dust particles from coal handling~ rainwater runoff from coal storage piles, 
and, if final on-site sizing is performed, small amounts of coal fines. No 
test data are available on the discharges from the coal preparation operation. 
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However, their physical and chemical characteristics can he estimated from data 
for similar discharges from the coal mining and coal-fired steam:electric in- 
dustries. Coal pile runoff tends to contain high levels of suspended and dis- 
solvedsolids (including heavy metals) and can have an acidic or alkaline pH. 
Dissolved organics tend to be at negligible or non-detectable levels. Dust 
from coal handling and storage consists of small coal particles. 

Description Of The Coal Gasification Operation 

There are six commercially available gasifiers that operate in a 
fixed-bed mode and at atmospheric pressure. They are: 

• Chapman (Wilputte) ~ 
• Foster-%~eeler/S toic ~ 
• Riley~ 
• We!!man-Ga lusha, • 
• Wellman Incandescent, and 
• Wooda!i-Duckham/Gas Integra!e. 

These gasifiers produce !ow-Btu gas by countercurrent gasificatio n of coal with 
a mixture of air and steam. .~ 

Coal is fed to the top of the gasifier from an overhead bin through a 
lock hopper and/or a rotary feeder. As the coal gravitates dQwnward through 
the gasifier, it is contacted by rising hot gases and passes through /zones" of 
progressively higher temperatures before exiting the bottom of the gasifier as 
ash. As the coal is heated~ it undergoes a series of physical and Chemical re- 
actions. Sequentially~ these are drying~ devolatilization, gasification~ and 
finally combustion. Air saturated with water~ i.e. ~ steam,: enters at the hot- 
tom of the gasifier. The steam absorbs some of the heat ~ released in the com- 
bustion zone~ which helps to maintain the combustion temperature • below the coal 
ash softening temperature. 

With most gasifiirs, ash is collected at the bottom Of the gasifier in 
a water sealed ash pan and removed from the unit using an ash plow. The 
'Wellman-Galu~a gasifier however-~ collects the ash im a~ ash hopper located be= 
neath the gasifler. Ash is removedby adding water to the hopper and draining 
the ash slurry through a slide valve. The water also serves to sea! the gasi- 
fief internals from the atmosphere during the ash removal step. 

Pokeh01es are located on the top of the gasifier. Rods Are inserted 
through the pokeholes to measure the depth and location of the "fire" and ash 
zones. These rods can also be used to break up any agglomerates formed in the 
bed. 

The We!!man-Galusha= Chapumn~ and Riley gasifiers produce a single 
low-Btu gas stream that exits the top of the gasifier. The Foster-Wheeler/ 
Stoic; We!iman Incandescent~ and Woodall-Duckham/Gas Integra!e ~sifiers are 
two-stage gasifiers that produce two gas streams. K "clear" gas stream~ 
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constituting approximately one-half of the total gas ~roduction, is withdrawn 
from the gasification zone (near the middle of the g~sifier). As such, it 
contains essentially no tars or oils. The remaining gas, which contains tars 
and oils, is withdrawn from the top of the gasifier where devolatilization of 
the coal occurs. 

At present, very limited envirommental characterization data are 
available for two-stage gasification ~ystems. From a process viewpoint, the 
two-stage gasification arrangement simplifies the gas purification operation, 
but it does not appear to alter materially the system's potential environmental 
impacts. The backgTound study deals specifically with single-stage gasifica- 
tion systems. However, the information developed is felt to also be generally 
applicable to two-stage gasification systems. 

Discharges from the coal gasification operation include: 

Gaseous emissions - pokehole gases 
- coal feeder gases 
- transient gases 

Liquid effluents - ash s!uicewater 

(from We!!man-Galusha gasifiers only) 

• So!idwastes - gasifier ash 

Coal feeder gases, pokeho!e gases, and transient gases generated dur- 
ing start-up= shutdown, and upset conditions are essentially raw low-Btu gas. 
These discharges contain primarily carbon monoxide, carbon dioxide, hydrogen, 
nitrogen, and water vapor. Minor components include hydrogen sulfide, carbonyl 
sulfide, ammonia, hydrogen cyanide, entrained particulates, trace elements, low 
molecular weight hydrocarbons, and, if the coal feed is lignite, bituminous, or 
subbituminous~ higher molecular weight organics (e.g.~tars and oils). 

Ash sluice water from Wel!man-Galusha gasifiers contains suspended and 
dissolved solids, including trace elements. Negligible or nondetectable levels 
of organics have been identified, with most of them being attributable to arti- 
facts of the sampling and analytical procedures. The pH of ash s!uicewater 
can vary widely~ depending on the characteristics of the ash. An a!ka!ine pH 
is typical if lignite is the coal feed, while acidic or neutral pE's are typi- 
cal for other coal feeds. 

Ash from the gasifier is similar to bottom ash from a coal-fired boil- 
er although higher levels of residual carbon are pre6~t~D-~-t~-forgasifica- 
tion of several coals indicate that trace elements are not leachable in amounts 
which would result in classification of gasifier ash as a hazardous waste. 

Description Of The Gas Purification Operation 

The purpose of the gas purification operation is to remove undesir- 
able constituents such as entrained particulate matter, tars, oils, and sulfur 
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from the raw !ow-Btu gas. Depending on the concentrations of these constitu- 
ents in the raw gas and on the product gas specifications imposed by the end- 
use (by either process or environmental considerations), none, some, or all of 
these constituents may need to be controlled. No attempt was made to evaluate 
systems producing a predefined product gas quality. Instead, systems ware 
selected based on existing or proposed purification c0mfigurations, with the 
assumption that the resulting product gas quality would be sufficient to meet 
the user,s needs. 

Particulate Removal. Entrained particulate matter can be removed 
from the low-Btu gas with cyclones, wet scrubbers, and/or electrostatic precip- 
itators (ESP). •Cyclones are currently used in all domestic commercia! LBG 
facilities. 

Tars and Oils Removal. The primary means of removing tars and oils " 
from raw low-Btu gas is to use wet scrubbers. These include in-line sprays, 
wet cyclones, and spray, tray, or packed scrubbers. Most of the commercial- 
ly available sulfur removal processes have limitations on the concentrations of 
tars and oils in the gas to be treated. Normally, these levels cannot be 
achieved using wet scrubbers alone. Deferrers (e!ectro~£atic precipitators) 
have been used with some success for residual tars and oils removal. 

Tars/oils'laden water from the scrubbers is directed t0a gravity sep- 
arator. Here, the heavier-than-water tars/oiis are Separated from the water 
andrecovered as a by-product. The scrubber water is then cooled in indirect 
heat exchangers and recycled. Some volatile organic and inorganic •species are 
absorbed from the low-Btu gas when it is scrubbed. These-~pecies tend to de-- 
sorb from the scrubber water and fill the separator vapor space. J: They can be 
recombined with the low-B~u gas by ducting the vapor space to the !ow-Btu gas 
line. 

In order to control the buildup of dissolved solids in the recircula- 
ring .scrubber water and/or to maintain a water balance in the scrubbing loop, a 
portion of the. scrubber water is removed as blowdown. ° The .size of this blow- 
dow~ depends on s~ch factors as the moisture and chloride content Of the coal, 
the dew point of the hot low-Btu gas and the temperature to whi_ch_ t_h_e ~_S _is 
cooled. ~ 

Sulfur Compounds Remove!. Commercially available sulfur removal pro- 
cesses include those using physical solvents, chemical solvents, combinations 
"of physical and chemical solvents, and processes' featuring removal and-direct 
oxidation of sulfur compounds to produce elemental sulfur. 4' •Physical sol- 
vent, combination chemical and physical solvents and some Of the - ch~nical 
solvent processes are not well suited to the removal of sulfur compounds from 
an atmospheric pressure~ !ow-Btu gas. 5 Several of the alkano!amine' (chemical 
solvent) processes can be used, but they require moderate pressurization of the 
gas in order to obtain low residual ~ulfur levels. Regeneration of the 
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alkano!amine solvent also produces an off-gas which contains the removed K2S 
and CO2, and which must be further processed for sulfur recovery. Standard 
means of treating these off-gases (which will contain 70-95% C02) is to route 
them to a Claus unit. The low K2S/high CO 2 content of these off-gases can 
limit the recovery efficiency of the Claus unit and prohibit the use of a Claus 
tail gas treatment process such as the SCOT unit. Thus, while alkanolamine 
processes appear to be feasible for treating low-Btu gas, technical (and 
economic) considerations indicate they are a poor choice. In light of the 
above factors, none of the chemical or physical solvent processes were 
evaluated in the background studies for the model plant ili configurations. 

The direct oxidation processes do not have gas pressure limitations 
and are very effective in removing H2S. These processes also convert the 
removed H2S directly into elemental sulfur, thus eliminating the need for ad- 
ditional treatment of an H2S-laden off-gas. However, direct oxidation pro- 
cesses do not remove significant amounts of non-K2S sulfur species such as 
carbonyl sulfide (COS). 5 For purposes of analysis, the Stretford processwas 
selected as a representative example of a commercially available direct oxida- 
tion type sulfur removal process. 

Summary of Discharges from Gas Purification. The existence, quan- 
tity, and characteristics of discharges from the gas purification operation 
depend on the degree of gas purification desired. In general terms~ as the 
low-Btu gas undergoes additional clean-up, additional waste streams are 
created. These waste streams include: 

collected particulate matter from cyclones (all Model Plants), 
scrubbing liquor blowdown (Model Plants II and III), 
by-product tars and oils (Model Plants II and III except for 
anthracite feed), and 
vent gas and sulfur cake from direct oxidation 
sulfur removal processes (Model Plant III). 

Collected particulates or cyclone dust has a very high carbon content 
and resembles devolatilized coal. Leaching tests indicate that cyclone dust is 
not a toxic waste. 

Scrubbing liquor blowdown contains suspended solids, dissolved inor- 
ganics (including trace elements and soluble gaseous components such as H2S 
and NH 3) ~ and, unless anthracite is the coal feed, dissolved organics. By- 
product tars/oils derived from gasification of non-anthracite coals are pre- 
dominantly organic material~ but also contain ash and various trace elements. 
This material has a significant energy content, and represents a fuel resource 
which should be recovered. 

Discharges from the sulfur removal module include vent gases from the 
Stretford oxidizer and sulfur cake. The oxidizer gases contain primarily 
nitrogen, oxygen, and water vapor~ with minor amounts of ammonia, carbon 
dioxide, and reduced sulfur compounds. Other components of the low-Btu gas 
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may also be absorbed by the Stretford scrubbing liquor and rAleased in the 
oxidizer. However, this is not expected to occur to any significant extent. 

Sulfur produced in the Stretford process is initially recovered as a 
cake containing nominally 50% water. Dissolved in the water are Stretford 
scrubbing chemicals (sodium vanadates, anthraquinone disu!fonic acid, ethylene 
diamine tetracetic acid, iron, carbonates, and bicarbonates) and high levels of 
nonregenerab!e sulfur components'such as sulfates, thiosulfates, and 
thiocyanates. 

EVALUATION OF POLLUTION CONTROL TECHNOLOGIES 

Evaluations of control technologies for ipplication to individual 
waste streamswere based on considerations of control efficiency, ability to 
comply with emissions regulations, capital and operating costs, energy and re- 
source consumption, reliability, simplicity, multi-pollutant abatement capabi!- 
ity, residue generation and disposal requirements, potential for recovery • of 
by-products, and stage of development. The above criteria were used as a basis 
for comparison of candidate control technologies either used alone or in 
combinationwith in-plant control methods or other add-oncontro!s. 

Performance data for applicabiec0ntrol technologies were Obtained 
primarily from the open literature supplemented by vendor supplied data in some 
cases. The capabilities of various control techn01ogieswerenot usually as- 
sessed on a design-specific basis but rather upon a generalized basis derived 
from test results and/or engineering studies of the subject technologies* 

In many cases performance can only be estimated in terms of control of 
major constituents (e.g., carbon monoxide)or gross parameters (e.g., TOC) 
since often no information is available for removal efficiencies for specific 
substances. Further, even in those cases where substance-specific performa, nce 
information exists for a control technology, accurate or complete characteriza- 
tion of the waste streams requiring control may be lacking. In the final ana- 
lysis of course, the capabilities of state-of-the-art controls for LBG facil- 
ities can be accurately evaluated only by testing operating facilities. Since 
these opportunities are generally not available, the performance estimates 
presented here are believed to reflect the best information Currently available 
based on achua! experience and/or engineering analysis. 

Air Pollution Control 

The uncontrolled gaseous emissions from LBGfaci!itiesare summarized 
~in_Table 2. The pollutants of potentii! concern~ factors affecting the emis- 
sion Characteristics, and estimated emission flow rates are also summarized in 
this tab!e."~Availab!e control techniques for these emissions are discussed 
b elow° 
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Airborne Particulates from Coal Handling ann Preparation. Most IBG 
installations will receive coal that has been crushed andsized. For these 
installations, no si{nificant particulate emissions are expected and therefore, 
no control is necessary. If the coal feed is crushed and sized on site, then 
airborne particulates generated by these operati6ns may be a problem. Control 
techniques involve enclosing the coal unloading facility, storage bins, c~esh- 
ing and Sizing equipment and any conveying devices. These enclosures should be 
vented by low pressure ducting to a central bag filter collection system. An 
induced draft fan at the outlet of the bag filters would provide the necessary 
air flow and ensure that any leakage would be into the system. 

Coal Feeder Gases. Low-Btu gas can leak from the gasifier vessel 
through the coal feeder mechanism and up into the coal bin area by passing 
countercurrent tO the coal flow. One method of reducing the hazards from this 
emission is to collect it before it enters the coal bin area and then disperse 
it to the atmosphere through a vent pipe. The top of the c0al Bin must be 
sealed (hooded) and a pipe run from there to an elevated outside venting point. 
An induced draft fan in the vent line would draw air into the coal bin through 
slo£s in the side of the bin, Coal feeder gases which pass Up through the coal 
in the bin would then be swept into the vent pipe. While this control option 
incurs no significant operating costs or energy requirements, it does not 
decrease the amount of coal feeder gases emitted to the atmosphere. 

Another, and more effective means of contro!ling these emissions is to 
return them to the process. This strategy can be done in one of two basic 
ways. One approach is to enclose the coal bin (as with the atmospheric venting 
option) and run a duct to the intake of the gasifier air blower. To provide 
continuous sweeping air in the coal bin (to prevent a possible explosive 
ture in the bin during very low air rates), a small vent and b!0w-off valve 
will be needed in the air blower discharge line for venting during periods of 
low gasifier air requirements. A second approach involves slightly pressuri- 
zing the coal bin with an inert gas. This approach prevents the passage of 
low-Btu gases into the coal bin. Either of these contrQl options can effect 
almost complete (99%) control of the coal feeder gases during no~al gasifier 
operations. 

Pokeho!e Gases. Low-Btu gas escapes from pokeho!es duringand be- 
tween poking operations. Improved pokeho!e designs are available with closer 
tolerances and positive seal valves. While effective in reducing emissions 
between poking operations~ this control method still allows significant quan- 
tities of gases to continue to escape during the poking operation. 

• A second control technology is to combine improved pokeh61e sealing 
methods with the injection of an inert gas during poking operations. The inert 
gas effectively eliminates iow-Btu gas leakage. Nitrogen is a possible choice 
for the inert gas but this may incur operating costs (mainly for £he purchase 
of nitrogen)of up to two percent of the base plant annualized costs. If 
available, steam might be a more economical choice since the steam require- 
ment would be less than 0.i percent of the product gas energy. 
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Stretford Oxidizer Vent Gases. For systems using the Stretford pro- 
cess to produce a desulfurized product gas, an air blown oxidizer is used to 
convert the reduced Stretford solution back to its oxidized form. A large ex- 
cess of air is used in the oxidizer and released in the vent. The vent Eases 
consist primarily of oxygen and nitrogen plus water vapor from the Stretford 
solution. Minor amounts of ammonia and carbon dioxide and other components 
absorbed from the Stretford solution may also be present. This emission is not 
expected to pose a significant environmental problem if adequately dispersed to 
the atmosphere. 

S tartup, Shutdown and Upset Gases. During gasifier startup, shut- 
down, and upsets, gases are produced which do not meet product specifications. 
If the gas is being burned locally and the customer can safely and economically 
continue to combust the gas (possibly with auxiliary firing)~ then this is ob- 
viously a good option and really represents a "no control required"situation. 
If this option is not availabie~ then two possible control strategies may be 
used. One option is to combust these gases in an incinerator or flare. This 
option requires installing piping, valves, and instrumentation. A second op- 
tion is to vent the low-Btu product gas line to the atmosphere through a stack. 
This option could pose localized odor problems. Therefore~ its viability could 
be limited to those areas where adequate dispersion is attainable. 

Water Pollution Control 

The uncontrolled effluents from LBG facilities are summmrized in Table 
3. The pollutants requiring control~ factors affecting the effluent character- 
istics, and estimated effluent flow rates are also summarized in this table. 
Most of the processes considered for treating these effluents have not been 
applied to the treatment of low-Bin gasificationwastewaters. Therefore, 
decisions related to the applicability, performance capabilities, and costs of 
controls were based upon experience gained in related industries including the 
coking, petroleum refining~ and electric utility industries. 

Coal Pile Runoff and Ash Sluice Water. These two effluents are very 
similar to their counterparts in coal-fired power plants. They contain sus- 
pended solids and dissolved inorganics hut negligible dissolved organics. 
Treatment techniques used in the utility industry include sedimentation, clari- 
fication or filtration for suspended solids removal and acid or base addition 
for pH adjustment. An additional treatment step available is chemical precipi- 
tation for removal of selected trace elements. Use of these technique~ for 
coal pile runoff and ash sluice water from LBG facilities should produce an ef- 
fluent which would meet the NSPS for coal-fired power plants. 

Process Condensate. Process condensate contains suspended solids and 
dissolved gases~ organics, and trace elements. Viable treatment techniques for 
dissolved organics include activated carbon adsorption and biological oxida- 
tion. Sour water strippers can be used to remove dissolved gases. Chemical 
precipitation treatment can be used to reduce the levels of trace e!ements~ 
although treatment to remove organics will be the key to disposing of this 
stream in an enviro~entally acceptable manner. 
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Thus two treatment options appear to be available for treating process 
condensate: one uses carbon adsorption and steam stripping while the other 
uses biological oxidation and steam stripping. Chemical precipitation could be 
used with either option. For both of the options, the organics removal unit is 
required only if the coal feed produces tars and oils when gasified. Since 
anthracite does not produce tars and oils, the treatment of condensate from an 
anthracite gasifiermay not require dissolved organics removal. Representative 
performance criteria for two treatment options for process condensate are 
summarized in Table 4. 

TABLE 4. ESTIMATED PERFORMANCE CAPABILITIES GF PROCESS CONDENSATE TR/~MENT 
TECHNOLOGIES 

Component Untreated Effluent Treated Eff'iuenta Treated Ef'fluentD" 

TSS 140 <i0 <30 
Oil and Grease 400 <i0 <30 
BOD 9000 ? <I000 
Phenols 2000 <5 <20 
TOC 5600 <700 <700 
NH3 4000 <5O <50 
H2S 220 <10 <10 
CN-- ii00 <i0 <I0 
Trace Elements Yes some removal c some removal c 

Unit: mg/l 
a Treatment using activated carbon adsorption and steam stripping. 
b Treatment using biological oxidation and steam stripping/ 
c Increased removals of cationic trace elements can be achieved using 

chemical precipitation. 

Solid Waste Management Alternatives 

The solid wastes generated by low-Btu gasification facilities are sum- 
marized in ~a~le 5. Incl~ed in this t~bie ~re estimeted flow rates, impor- 
tant characteristics (such as physical condition, energy content~ potential en- 
viromnenta! problems), and expected classification (as hazardous or nonhazar- 
dous) for each waste. Management techniques for these wastes should be based 
on the criteria and guidelines developed by the EPA in response to the Resource 
Conservation and Recovery Act. 

Coal Fines. Generally, coal fines are not expected to be a waste 
produced by low-Btu gasification facilities. This is because presized coal is 
normally purchased, eliminating the need for on-site crushing and sizing. How- 
ever, it is possible that final, on-site sizing may be required if fuel size 
degradation occurs in shipment and handling. If so ~ a coal fines stream will 
be produced. The quantity of fines produced is difficult to estimate but 
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should be very small. Since coal fines have the same energy content as coal, a 
desirable means of handling them is to recover their energy value. Because of 
the small quantities involved, this may be practical only if an existing com- 
bustor is available on-site or nearby. If resource recovery is not practical, 
then the coal fines should be disposed of as a nonhazardous waste in a sanitary 
landfill. 

Gasifier Ash. Gasifier ash is the unreacted portion of the coal fed 
to the gasifier - predominantly mineral matter but also some carbonaceous 
material. After dewatering, it is a damp solid containing 20 £o 30 weight per- 
cent water. All available data on gasifier ash indicate that it is a nonhazar- 
dous waste. As such, the most reasonable option for disposing of gasifier ash 
is disposal in a sanitary landfill. 

Cyclone Dust. Cyclone dust resembles devolatilized coal. It has a 
carbon content as high as 90 percent and a heating value of 25 MJ/kg (!!,000 
Btu/ib) or higher. It is removed from the cyclones as a dry, powdery solid. 
All available data indicate that cyclone dust is a nonhazardous waste and could 
be disposed of in a sanitary landfill. Because of its high energy content 
though, consideration should be given to recovering its fuel value. 

Stretford Sulfur Cake. Elemental sulfur is produced by a Stretford 
unit and recovered as a filter cake containing approximately 50 percent ~mter. 
No test data are available for this waste. However, it will contain Stretford 
solution chemicals (vanadates, anthraquinone disulfonic acid salts, EDTA, and 
iron) and nonregenerable sulfur Components such as thiocyanates and thios~!- 
fates. Because of the presence of these contaminants, Stretford sulfur cake is 
suspected to be a hazardous waste. If so, the management technique for this 
~ste would have to comply with the Subtitle C criteria and guidelines for haz- 
ardous waste disposal. Alternatively, the contaminated sulfur can be processed 
to recover a saleable by-product. This option produces an effluent containing 
the contaminants originally present in the sulfur cake. Reductive incineration 
and high temperature hydrolysis are two techniques recently developed for 
treating Stretford solution effluent, but these approaches are not proven com- 
mercially. 

Tars and Oils. By-product tars and oils contain a number of toxic 
organics. However, due to the high specific gravity and viscosity of this 
material, it is expected to have a low vapor pressure which will minimize the 
release of volatile organics during storage. Operators and handlers should 
take precautionary steps to minimize contact with this material. Special note 
should be taken of the NIOSH proposed criteria for coal gasification plants. 
Because of its significant fuel value, the logical management technique for 
by-product tars and oils is resource recovery. This would involve using the 
material to fire a boiler or furnace. 



SUM~IARY OF POLLUTION CONTROL COSTS AND ENERGY REQUIREMENTS " ' •  

In order to compar e controls for cost effectiveness and to estate 
the impact of pollution control costs on overall plant costs, approximate cap- 
ital and operating costs for individual control processes/equipment Were devel- 
oped. These costs • are based primarily on factored estimates of costs contained 
in non-proprietary published literature, normalized to a first quarter 1980 
basis. In some cases actual vendor quotes have been used but genera!iy~ it was 
beyond the scope and purpose of the background studies to develop the detailed 
engineering designs necessary for cost estimation at the "firm" (approaching + 
10 percent) level. Although the accuracy of the cost estimates Varies, most 
are believed to be within 50 percent. 

For purposes of presentation in this paper, costs for various pollu- 
tion control options are given as a percent of the "uncontrolled" plant capital 
and total annua!ized costs. This format was selected since it more clearly 
indicates the magnitude of pollution control costs on overall plant costs than 
would actual dollar estimates. This approach has the additional benefit of 
being less sensitive to assumed economic factors such as inflation, interest 
rates (cost of capital), etc. 

Total annua!ized costs were calculated as the sum of annual operating 
cost and annna!ized capital costs. • For purposes of annua!izing the capital 
investment, a fixed rate charge factor of 0.175 was calculated. This repre- 
sents the fraction of the total capital investment that must be assessed as 
annualized capital charge. 

Table 6 summarizes the capital and annualized cost impacts of ~llu- 
tion control for the three model plants examined. The ranges shown reflect 
differences in control costs• usa result of ~sifying the four ioals studied. 
They are not intended to reflect the accuracy of the cost impacts. All cost 
numbers are expressed in terms of a percent of the uncontro!!ed base plant 
costs. 

As shown in this table, the cost impacts for emission controls are 
minimal. Capital costs or annua!ized costs do not exceed 2 percent of the base 
plant cost for any emission and, most of the contro! costs are below 1 percent. 
On a total plant basis~ the emission controls are estimated 60 add approxi- 
mately 1 to 3 percent to the base plant capital requirements and increase an- 
nua!ized costs by 2 to 5 percent. Energy requirements for air ~!luti6n con- 
trol are negligible. • .~ 

The cOSt impacts for controliing a specific liquid effiue=t are griat- 
est for the hot gas systems and least for the desulfurized gas Systems. This 
reflects an increase in the base plant costs and not a decrease in the control 
Costs. Total plant water treatment costs tend to increase ~ or r~in approxi -~ 
mutely constant as the degree of gas purification increases. This reflects the 
fact that increases in the base plant costs (the denomi~tor~used to calculate 
the percentage cost impacts shown)are offset by increased treatment costs (the 
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numerator used to calculate the cost impacts) resulting from the need to treat 
additional effluents. Ona total plant basis~ water pollution control costs 
are estimated to increase the base plant capital Costs by 3 to 15 percent and 
annualized costs by 1 to 9 percent. Energy requirements for water pollution 
control amount to 0.6 to 2.1 percent of the energy content of the !ow-Btu 
product gas. This is almost entirely attributable to the sour water stripper 
steam requirements for treating process condensate. 

Capital cost estimates were not availab!e for the solid waste disposal 
practices. The waste disposal annualized costs are dominated by the costs of 
handling gasifier ash, with the only other significant costs being those as- 
sociated with sulfur cake disposal. (For the high sulfur bituminous coal case~ 
sulfur disposal costs are dominant). Cost factors used for disposal of wastes 
were $21 and $71 per metric ton for nonhazardous and hazardous wastes, respec- 
tively. Although $71 per tonne is a relatively high estimate for hazardous 
waste dispoal~ it may not truly reflect the costs associated with disposing of 
very small quantities of hazardous wastes. For small quantities~ the relative 
impacts of capital costs and administrative costs (in terms of dollars per 
tonne disposed) can be very large. 

Energy requirements for disposing of solid wastes are minimal and are 
estimated at 0.2% or less of the !ow-Btu gas energy content. The energy re- 
quirements are mainly fuel for haul trucks and earthmoving equipient. 

The total plant pollution control cOSt impacts are estimated to range 
from approximately 6 to 17 percent of the base plant capital investment and 
from 9.5 to slightly over 18 percent of the base plant's annuali~ed costs. 
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ABSTRACT " ' " "  

, 'Synfuels present both an opportunity and a problem forEPA in terms o f  
developing a new environmental]y acceptable industry. The opportunity is for 
EPA to encourage.environmental controls to be incorporated/developed as an 
integral part of the f i rst  plantdesigns rather, than as "add on"technology in " 
an existing industry. •The problem is •that an adequate database for pro- 

,mulgation ofdefensible regulations forsynfuels •plants does not now exCst and 
will l ikelynot exist until after the f i rst  plants have been constructed and 
operated for some period of t ime.  EPA has responded to this situation with 
the "Pollution Control Guidance Document (PCGD)" concept, in which the best 

• thinking of the various .EPA R&D program, and regional offices is to be • provided 
to permitters and to ~industry in the form of "guidance, for an interim period 
rather~than as regulations . . . . .  • 

• TheIndirect Liquefaction (IL) PCGD is one of the f i rst  such documents 
• which EPA is preparing with the technical support of various contractors. 
.TRW, Radian, Versar and RTI are involved i,n the preparation of the data base 
for the f irst  technical draft ofthe ILPCGD.~ - ~  

Xhis paper Summarizes the technologY basis for control leveYsidentified , 

. °  
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DEVELOPMENT OF A POLLUTION CONTROL GUIDANCE DOCUMENT 

FOR INDIRECT COAL LIQUEFACTION 

The production of transportation fuels from domestic coal to displace 

fuels derived from imported petroleum has high priority in the overall U.S. 

energy policy. Since indirect liquefaction (iL) is the only commercially 

demonstrated means of producing transportation fuels from coal, this technology 

is likely to be among the first to be employed for synthetic fuels production 

in the United States. 

The Environmental Protection Agency (E~A) is responsible for ensuring 

that the designs of first generation synthetic fuel technologies provide for 

adequate protection of the environment. To serve this need and to avoid 

costly delays in the commercialization of a process due to uncertainties con- 

cerning environmental control requirements, E~ developed the Pollution Con- 

tro! Guidance Document (PCGD) approach. This paper summarizes the data base 

that has been developed for the preparation of the: PCGD for Lurgi-based IL 

technology. EPA's technic!, support contractors in this effort are TRY, 

Radian, Versar, and RTI. • 

The approach for the ~ ILPCGDs was to deveTop a series of model plants 

based "on Lurgi, Texaco, and KOppers-Totzek (K-T) gasification using methanol, 

Fischer-Tropsch (F-T), an~ Mcbi! M-gasoline synthesis. These technologies 

are considered commercial or near-commercial. Maj.or and minor constituent 

material balances were es~blished for integrated model plants using three 

U.S. coals (Montana I~sebud subbitumlnous, iilinois No- 6 bituminous, and 

North D~ota lignite) in order to provide estimates of the volumes and load- 

ings of various waste streams which would be generated, Waste stream con- 

stituents ~vered by ~e PCGD include both conven~ona!/criteria/consent decree 

     =rentlY  re ated Ce.g., 

The P c s o  ~ b a s e  " "  ' . . . .  incid~e{ an id~tification and evaluation of various 

pollu~on cont'! options, based on the expected ca!mbilities of available 

technologies, for all major gaseous, aqueous, and soiid waste streams gen- 

erated in an integrated facility. This paper presents several of the control 
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• - , • , ?. 

• . . . 

siderations" Of t h e  VOZ~ and toxicity of the; s~cific Waste"stre~m, costs, 

safety, re!iabi!ity, degree to which ~ntro!s have been demonstrated," intra- 

and in, regalia tradeoffs, and site s~ecifiu factor. " ,. 

• ~he me.jot souraes of data .used,"in the Lurgi. da~ .base. f~r defining the types " 

and ch~acteristics of uncontro!!ed indirect :liquefaction pl~t Waste streams 

are (i) data obtained as part of an ~PA sponso~d environmental, test pro~am 

of a Lurgi gasifica~on faci!i~ at Kosovo, Yug0s!avia~ (2) data obtained" as 

• . j " .  . , • . .  • 

s_m~n_~ored pro c~am involving the gasificatio n of A m e r i c  .an c0.~s in a Lurgi ..~ 

gasifier at W estfie!d, S~t~d; (3) data obtained as part of a.9... American 

• N a t : ~ l  G~,  Znc. spcn~rea pro~ i n ~ i v ~ g :  .gasi~ica~ o~~: : th  D ~ o ~  " 

Z£gnitm, at the S~OL plantLn 'South .~rica; (41 dab provided to E~A h.y South 

and indirect, li~efz~tic~ facilities.i~ the U.S. ; " . . . : . 
...- : .. • , , - 

': , ~ . . ." . . ..~ 

ti~ obtaiz~,ed f~m po!lution" continsl equipment v~ndoz~ and. process de~lo:~-~, 

• 'and p=blished" l~terature. Much.~of t h e .  information on controls- is derived 

from applications in re!a~ industzies such as .pe .~!eum refining, .natural . .  

;~_==a~. : . . . .  . . . . .  : : : 

• asses conm£~reg ~:e ~e which w"ouid ~.nger-a faci!i~y essen~ia!!y self- ." 

and• vazimus ch.:~ca!s and ca~!Ysts :as inputs)"..A p!antsize C=rresponding 

i ~. ~oZ. a. ~ / ~  ~ . ~  ~.aO z °  ~ = ~ / ~ )  o~. ~ 0 ~  ~==a:c~. ~as s~ae=~a a s . .  . .  

representative of. ~e first " p l a n t  (S)-'which. may be' built. This" co~onds 

~==e ~00o ~as/~y (z~00 ~/~ ~oain~ ~zus So ~ i06 s~ a,-~ ~ ~0 e 
Nm 3) of s=bs~Itu~e r~tura! gas !~e£ day (co-~roduced in the case of Lurgi ' . . 

. . . .  - . .. . 
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gasificatio n) . This is a_~groxim~tely !the size of the first phase facility 

planned by American Natural Resources i for their North Dakota SNG project. 

Figures 1 and 2 are simplified flow diagrams of the main process train 

and auxiliary operaticms associated with integra~d Lurgi iL facilities. 

System operations include coal preparation, col gasification, gas purifica- 

• tion and upgrading, crude product synthesis and separation, end product up- 

grading. Nonpo!iution control auxiliary processes include process cooling, 

product storage, raw water treatment, steam and power generation, and oxygen 

production. The major waste streams identified for facilities depicted in 

the figures are listed in Table i along with the primary constituents/para- 

meters of concern for each waste, The remainder of this paper will fo~s on 

control options for these major streams in Lurgi-based facilities. Note that 

no fundamentally new problems are believed to apply to K-T or Te~ce gasifi- 

cation which do not also apply to Lurgi gasification, although differences 

do exist in the relative quantities of wastes/waste constituents which are 

generated. Indeed, K-T and Texaco gasifi~timn may be somewhat less com-- 

plicated than Lurgi since the former gasifiers generate fewer organics (other 

. t h a n  methane and formic acid) which would eventually become co~_~_onents of 

waste streams. The organics" in Lurgi wastes present some of the more diffi- 

cult pollution Control problems. 

Gaseous; Waste Streams " 

Figure 3 summarizes the primary control options for Lurgi acid gases. 

Indicated in the figure are both selective and nonselective Rectiso!* acid 

gas removal (~R); that is, separate removal of CO 2 and H2 S from product gas 

generating an H2S-rich stream and a C02-rich stream or combined remova! gen- 

erating only one dilute ~2 S stream, The primary goal of selective AGE is'to 

produce a more concentrated sulfur-bea~ing stream for sulfur recovery ~ow" 

ing either the use Of ~laus technology or the reduction ~ a Stretford Plant 

size (and thus reduced cost). Since selective AGR is significantly more 

e _xpensive than. nonselective AGR,. it is economically justified only if cost 

savings are realized in sulfur recovery/po!lu~0n control. If, for environ- 

ment~! reasons, the C02-rich stream from selective AGR carinot be directly 

dischargedto the atmosphere (with perhaps incineration), then treatment 

*Rectiso! is a Lurgi--!icensed acid gas r'emoval (AGR) process and would be 
used with all Lurgi gasifiers in the U.S. 
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costs for this stream would likely make the selective AGR option unattractive 

an~ designers may revert to nonselective modes. 

op~ z ~ Fibre 3 ==sists of s~tfora or ~us sulz= recovery 

• followed by ~ai! gas treatment (TGT) for ~sidua~ sulfur removal' and hydro- 

carbon ~ntro!. In the Claus cases, enrichment of the H2S feed stream may 
'- • . . 

L~e~required or desired and an amine (ADiP) system is indicated.in the figure. 

The ADiP '.offgas and the Claus offgas both receive TGT prior to atmospheric 

discharge; the c02. rich gas from selective AGR: is directly discharged to the 

atmosphere. TGT technologies, inciude incineration/FGD ..(e. g..~., Weilman-Lord) 

and ~atalytic reduction H2S recycle (e.g., Beavon ) . .:-. : 

The 0Pt~on I~ alternatives consist of either St~tford Su!f~ recovery 

followed bY inc'~eration for hy~ccar~0n, control or Claus sulfur recovery 

followed by SCOT. ~GT~ Neither'Claus Without sulfur" T~T nor direct-incinera £ 

tion followedby. flue gas desu!furization Is.. considered adequate -under. Option 

ii since neither of these controls achieves the same levels 0f"~ta! sulfur 

emissions compared to Stratford or C!aus/ScOT. Note thatthe a!te~atives in 

Fibre 3 rep~sant ~e =~ of =n~Is ~visio~ed by ~i co~cept~z and 

proposed Lurgi gasification-projects .in the U~S' which ha~. been identified 

to date. ; . 

Table 2 summarizes the estimated, costs" and ener~ ~qu~ements for controi 

'~o'f acid gas in integrated facilities. The cost data represent the least exg_en- 

sive system in each. option but assume no"credi£ for energy .-recovery' from incin- 

eration of Lurgi gases. .Tot~ annua!ized costs r-an~ from• 3;8 to 5.7% of base " 

plant costs for sulfur recovery with TGT compared to 2.3 to 4,0 for sulfur re- 

mora! on-!y (Stretford). Energy requ~ements-of control of. acid gases vary 

from essen~lly ~ero ~ Z.9~ 0~ p l ~ t  ~put ~e£gy, a e ~ #  p r ~ = ~ y  o~ 
• . • . • , 

the ex~.mnt 6f hea~ ~covery• p r a c i / i c e d  duringincineration. Recovered energy 

could exceed that :required to operate the. sulfur .contro!. ~ systems. 

Options for the control .of hoi!er flue gas emissions correspond to the. 

'leveis-. defined by electric utility NSPS. (Option I) and .large industrial boiler 

NSPS (0pti.cn II). Table 3 Summarizes the S02, 'partic~ates ,.and NO x options. 

,For gaseOusand liq~'d fueTs derived from coal (e..g., tars, oils, phenols, 

naphtha, .low Btu .gas), .the: same limits apply 'as to the petro!ehm or natural 

gas fuels. . .  • 
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T~2KLE 2. RELATIVE COST~ AND ENERGY REQUIREMENTS FOR CONTROL OF ACiD G~ES 
(AS PERCE~Ff OF BASE PI~%~/ COST OR ENERGY INPUT) 

Option I 
(Sulfur re,oval 
plus tail gas 
treatment) 

Option I7 
(Sulfur removal, 
minimum or no 
tail gas 
treatment) 

Low Sulfur Coal 

~tel 
Capital Annual Energy 

3.2 3.8 0 -0.84 

1.6 2.3 0 - 0.8 

High Sulfur Coal 

Total 
Capital Annual Energy 

5.3 5.7 0 - 1.9 

3.0 4.0 0 - 1.8 

TABLE 3. 

SO 2 

Particulates 

NO x Lignite & 
bituminous 
coals 

Subbituminous 
coals 

Lurgi 
b~pro'duc'~ 

C0NTRDL OPTIONS FOR COAL BOILER S02, PARtICULAtE,. AND NO x EMISSIONS 

Option i' 

g/106 cal (lh/106 Btu) 

2.16 (1.2) 
and 90% control unless 
emissions less than 
i. 09 (0.6) in which" 
case 70% required 

o~o54 (o.o3) 

.. 1.1 (0,6) 

0.88 ( 0 . 5 )  

1.1 (0.6) 

Option Ii 

g/106 cal (Ib/i0 6 Btu) 

2.16 (1.2) 

o. 18 (o. :].o) 

1.26 (0.7) 
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Costs associated with a .representative EGD system (We!Imen.-Lord) applied 

to a coal- and. Lurgi-byproduct-fired boiler are est~ted in Table 4.. Annual- 

-ized costs of the FGD systems amount to 2.4 -~ 3.9% of base plant costs, depend- 

ing on the boiler size, coal sulfur content, and degree of SO 2 removal attained. 

Energy req~rements for the e~!e FGD ~nits range from 2.9 to 5.8% of the 

boiler heat input' or •0.4 to 0.6% of total plant input energy.. Note that 

incremen~ta!-.cmsts for EGD sulfur removal are about $!i-!5/!~ ($24-33/kg) 

while incremental costs for sulfur recovery FGT sulfur ~removal are about $20- 

30/!b ($44-66/kg). Thus, it may be less exp~sive to design for lower emis- 

sions at the boiler rather than lower emissions from sulfur recovery opera- 

tions if minim/zm overall sulfur emissions control at least cost is a defined 

goa l  and is environ~nta!ly a~ceptable. ." . . 

Tab!e. 5 summarizes the control options for sm~!er ~!ume waste streams 

in. Lurgi indirect liqu.e'factio n facil'~ties. . ~.n~ally, the contro!s for 

these streams consist of incineration with or without additional I SO 2 and/or 

particulate control/ 

- .  Aqueous Waste Streams • 

' Figure 4 presents the major options evaluated for control[of gasification . 

a~d s!rnthesis wastewaterS, Lurgi Wastewaters igas liquors) are treated for 

• tar/oil separation, phenol removal (Phenosoivan}, and ammonia removal as 

• basic, steps "in' all cases. Further treatment• . would consist Of biological or 

• chemical oxidation for bulk organics removal and chemical Precipitation and 

cation absorption for• trace elements and refractory organics rex~vai when 

discharge to surface waters is the wastewater disposal meth~, iOption i). 

9?hen- "zero discharge" to surface waters is to be practiced, t~atment would 

consist "of volume i~duction via: use o~ cool.lng .towers, evaporators, and/or 

~cinerators. . Biological oxidation • may precede the cooling tower c~ncent/-a- 

ti0n'step: U!t~ te disposal 'of residual brines maybe via ~dergro~d 

~jec~ (Option Ii), .surface impoun~ent (oPtion III), and ash quenching 

' ( o p t i o n  i V ) .  

~e "~.ero discharge" options involve-various .trade6ffs with air emis- 

sions (c~ling tower evaporation/drift) or solid waste" disposal "(lead%ing of 

organics or trace elements in surface imgoundments or 1~dfi!!s) ". in the 

case 03 codisposal of brines ~th• ash, the combined:waste may be: rendered haz- 

ardous due to ~e residual, or~nics or -trace..elements contained in .the brine. 
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TABLE 4. 

Low Sulfur 
(~sehud) 

High Sulfur 
(Illinois No. 6) 

*Coal to boiler 

• SO~ .EMISSIONS, COSTS, AND ENERGY REQUIREMENTS ASSOCIATED Wi~H 
BOiLER/~VELLMAN-LORD FGD SYSTEMS I 

Sulfur 
Removal 
(%) 

SO 2 
Emissions 
(kg/!06. kcal) 

8.88 

G.58 

0.98 

0.51 

Costs 
cLpi~z - ~ i  

(~/kg s. 

70 

80 

80 

90 

.(%) **  

2.6 

4.0. 

2 . 5  

3.2 

**Percentage of uncontro!!ed base plant costs. 
***As percentage of coal fed to boiler 

(~) * *  ~R~mo~) 
, , , , ,  

2.7 9.7 

3.9 12.0 

2.4 9.2 

~.6 12.0 

Energy **~ 
Requirements 

, ,,,, 

2,9 

3.2 

5.2 

5.8 

• TABLE 5. 

Option I 

.i 

CONTROL OPTIONS FOR SMALL VOLUME LURGiW~STE GAS~ 

~ed ~ 
Vent Gases 

P~cc~ressien/ 
recycle or use 
as fuel for 
high .pressure 
gases, incin- 
eration of low. 
pressure 
residuals 

Discharge of 
j~sidu~s ~a 
iow energy 
scrubber 

Transient 
Waste Gases 

Incineration 
with so 2 and 
particulate 
.control 

Incineration,. 
short term dis- 
charge of high 
oxygen content 
waste gases 

ca~st 
Decommissioning Offgases 

Incineration with SO 2 
and particulate 
contro! 

Incineration 
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Table 6 summarizes the estimated costs and energy requirements for the 

water pollution control technologies depicted in Figure 4. Although treat- 

ment costs are highly coal-, gasifier-, and synthesis-case specific, these 

esti~tes indicate the relative contribution of various ~nit processes to 

overall costs. The basic treatment steps, phenol removal, ammonia removal, 

and biological oxidation, constitute 40 to 8G% of total treatment costs (or 

about 3.1% of the base plant annualized costs). Carbon absorption/chemical 

precipitation is seen as a less expensive route than forced evaporation or 

surface impoundment for further treatment. The data also indicate that the 

basic treatment processes also contribute a large fraction of the total energy 

requirement for water pollution control, with further treatment contributing 

heavily only with incineration. The use of the cooling tower as a "precon- 

centration" step has been assumed in the estimates in Table 6; hence treat- 

ment of wastewaters by forced evaporation, incineration, or surface i _mpound- 

ment Without prior volume reduction could ~ dramaticallY increase the costs of 

water pollution control. 

Solid/Hazardous Wastes 

Options for the disposal of solid w~tes generated by the subject faci- 

lities are determined both hy the characteristics of the waste and by the 

local environment providing candidate disposal sites. The general operation 

performance standards for various hazardous waste disposal methods are cur- 

rently being drafted by EPA's Office of Solid Waste. These standards, based 

on "best engineering jud~mnt," are expected to largely define the practices 

for and site-specific factors to be considered in ~e treatment/disposal of 

hazardous Can~-ih many cases nonhazardous) wastes. Thus, for purposes of 

PCGD deve!6pment, the focus has been on prmviding a data base for the classi- 

fication of indirect liquefaction wastes based on their Characteristics. 

Perhaps the most impotent waste from the s~and~int of volume in the 

subject facilities is gasifier ash. several papers presented at this sym- 

posium have provided data on th~ leaching characteristics of ash from a 

~ariety of gasifiers and coal ~es. GenerallY, these data suggest that 

gasifier ash is not expected to he hazardous based up0n the RCRA Extraction 

Procedure e test. Thus, this material will likely be handled in a manner 

*Refers to the Extraction Procedure defined in 40 CFR 261. 
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-TABLE 6. TYPICAL COSTS AND ENERGY REQUIREMENTS OF WATER POLLUTION CONTROr. 
• ' TECHNOLOGIES 

. Phenosolvan 

NH 3 Stripping 

Biological oxidation • 

Chemical precipitation 

Carbon adsorption 

• Forced evaporation. 

. incineration 

Deep. well injection 

Ev~_Doz~tion p o n d s  

Cost* 
Capita~ Ann~ . 

1.2 . 1.4 

0.9 0.6 

1.4 !.l 

0.5 o.4 

0.3• 0.2 • 

1.3 

0.3 

0.2 

l.I 

0.3 

7.i 4.3 

*As percentage of uncontrolled base •piant costs 
*eAs percentage cf; total base plant coal energy input 

• Energy*~ - 
Requirements 

1.3 

2.9 

0.1 

0.04 

• o . 0 1  

0 . 2  

0 . 9  

• °  

• 2 ,  
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similar to boiler bottom ash and FGD sludges in the electric utility industry. 

Limited data indicate that when such wastes are to be disposed of in surface 

mines that p!ace=ent should be in "V-notch" areas of the spoil pile rather 

than in the pit bottom to minimize leaching. 

H~o important wastes are potentially generated by wastewater treatment 

(WW~) brines from evaporators or incinerator scrubbers and sludges from bio = 

lo~cal treatment. In the case of the former, codisposal with gasifier or 

boiler ash is commonly pro~sed (codisposa! with some t~e of solid material 

would be required in any case since RCRA guidelines prohibit the disposal of 

free flowing liquids in landfills). Codisposal of WWT brines with ash is 

• believed to render the ash h~ardous if the organics are not previously des- 

troyed by incineration or wet oxi~tion. However , if the organics in the 

brine are destroyed prior to codisposal, available data indicate that the 

ash/brine mixture would be classified as nonhazardous according to the RCRA 

Extraction Procedure test. Thus, a tradeoff may exist between WWT costs for 

organics destruction and solid (hazardous) waste disposal costs for hazard- 

ous vs. non-hazardous disposal. WWT brines may also be disposed of in sur- 

face impoundments or by underground injection consistent with RCRA require- 

ments. In the later case, Organics in the waste may have to be destroyed 

prior to injection to prevent plugging of the accepting fozmation. 

Bios!udges from WWT would likely be considered a hazardous waste under 

RCRA. Options for dis~sal include !andfarming, incineration with air pollu- 

tion control, landfill or mine disposal, and surface i _m_Doundment. Dewatered 

sludges may be beneficially utilized by landfarming in conjunction with 

zevagetation ~f suzfa~ mine spoil overburden. 

Several types of spent ca~iyst wastes ~e generated in indirect lique- 

faction facilities, including those f~m shift synthesis (methanol, F-T, 

Mobil), me~anatiOn, an~ air pollution control (Claus, Beavon). Wastes such 

as spent shift catalyst are expected to be hazardous due to their inherent 

metal content as well as other toxic elements derived from coal. Wastes 

such as Mobii-M (a zeolite material) and Claus (BaSte) spent catalysts are 

not believed to be hazardous, but data are lacking on RCRA leach character- 

istics or other toxicity information. Many of the catalyst materials can be 

economically recycled for their metal values, particularly when the costs of 

disposal as hazardous waste are set as the point of reference. 
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Table 7 summarzzes-~, the total estimated costs and energy ~pact of pollu- " 

tion control f~r the options presented. The data indicate that air pollution 

control can add up_ to 14% of base plant annualized costs, water pollution 

control ~9 to about 9%, and solid/hazardous waste'disposal up to 3.3%, or up 

-t~ 26% for controls in all media. 

Energy requirements for pollution contro! range from 4.4 to almost 11% 

of plant input energy, with water pollution control contributing over 60% of 

the requirement. The differences in energy requirements between the control 

options are not especially large. 
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TABLE 7. SURM~/~f OF TOTAL COSTS AND ENERGY IMPACTS FOR POLLUTION CONTROL iN 
AN iNTEGRATED FACILITY 

Pollution Control 

Technology 

Water 

Solid Waste 

Total Percent 

of Base Plant 

% of Total Annualized Costs 

op~on z 5#tion zz  

9.1 - 14.1 

3.7- 8.5 

2.6 - 3.3 

15.4 - 25.9 

,L 

5.8 - 11.7 

3.1 - 7.5 

1.8 - 2.3 

,,, 

10.7 - 21.5 

% of Plant Energy P, e q m t s .  

Option I Option Ii 

1.6 - 2.8 

3.0 - 8.0 

0 . 0 6  - 0.08 

1.4 - 2.5 

3.0- 7.9 

0.04- 0.06 

4.7 - 10.9 4.4 - 10.5 
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INITIAL EFFORT ON A POLLUTION CONTROL 
GUIDANCE DOCUMENT; DIRECT LIQUEFACTION • 

J .  E. COTTER, C. C. SHIH, B. ST. JOH~ 
. . . . . . . . .  . . . . . . . . . .  . . .  

REDONDO BEACH.: CA 90278 

.(ABSTRACT) 

~k 

Development of the pollution control guidance document (PCGD) for direct 
coal l iquefaction i~ preceding in parallel  with the permitting •and construction 
of the f i r s t  demonstration-size liquefaction plant,  the SRC-II •unit ~n Ft. 
Martin W.V. In addition to the SRC-II• process, the PCGD wi l l  provide guidance 
fo~.theother'ma'j6r l.iquefacti6n.:tec~nologies: ~ SRC~I~.H~CoaI.~ ~ndExxon Donor 
Solvent. 

The control technology guidance wi l l  be related to baseline designs 
prepared for each of the four l iquefaction processes, sized at 100,000 bbls/day 
production. The baseline designs are composed of material balance flowsheets and 
uncontrolled waste stream calcuations, using plant configurations which are 
most l ike ly  to occur in future commercial siz~ plants~ Variations of the 
baseline designswil l  be considered i f  they affect control decisions. A 
• range of feed coals have been selected for the baseline cases, with at •least 
one common coal type that  could be used by al l  four processes; The present 
e f for t  is focused on ident i f icat ion of the pollutants of concern using p i l o t ,  
plant test data from coal l iquefaction developers, DOE, and EPA sponsored 
testing.programs. These data wi l l  be evaluated with a variety' of engineering 
analysis methodologies: so that the subsequent examination Of control options 
can be carried out. 

The range of control opt ions--a ir ,  water, solid waste--will be selected 
from those methods that have a known track record in related industr ial  
applications, such as pe£roleum ref ining,  coke ovens, and. mining. • 

The control technologies wi l l  be charaterized parametrically according to 
the in le t  stream compositions and quantities: and their  percentage release of 
specif ic pollutants. Final ly,  the cost of control wil l  be.developed accogding 
to the same parameters, with a range of costs obtained depending on the com- 
plexity and efficiency of control. - .: • 
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INITIAL EFFORT ON A POLLUTION CONTROL 
GUIDANCE DOCUMENT; DIRECT LIQUEFACTION 

DIRECT COAL LIQUEFACTION PROCESSES 

The Direct Liquefaction PCGD w i l l  be based on those liquefaction processes 
that are the closest to commercialization. The SRC-I, SRC-II, H-Coal and 
Exxon Donor Solvent (EDS) processes are al l  at an advanced staae of p i lo t -  
plant development, and the SRC-I and SRC-II processes w i l l  be expanded to 
demonstration size units in the next few years. Although other "second 
generation" direct liquefaction processes are in bench-scale development, they 
wi l l  not be ready for commercialization =~nt~! the early 1900's. The current 
status of the advanced development processes are: 

m The SRC-I process is being tested in a 50 tons/day pi lot  plant 
at Fort Lewis, Washington , and in a 6 tons/day process develop- 
ment unit at Wilsonville, Alabama. Preliminary designs for a 
demonstration plant, to be located near Newman, Kentucky, were 
completed on July 1979. The demonstration plant is designed to 
produce the equivalent of 20~O00"barrels of oi l  per day, and is 
scheduled to be completed by 1984. £urrent plans call for en- 
largement of the fac i l i t y  to produce the equivalent of 100,000 
barrels of oi l  per day in 1990. 

The SRC-II process is also being tested in the pi lot  plant at 
Fort Lewis, Washington. Preliminary designs for a SRC-II 
demonstration plant, to be located at Fort Martin, West 
Virginia, were completed in July 1979. The demonstration plant 
is designed to process 6,000 tons of coal per day to produce 
the equivalent of 20,000 barrels of oil per day. Completion of 
the plant is scheduled for 1984. 

The EDS pi lot  plant at Baytown, Texas, started up on June 24, 
1980. This plant has a capacity of 250 tons per day of coal 
feed to produce approximately 600 barrels per day of synthetic 
l iquid f u e l .  A 70 tons per day Flexicoking unit at the same 
site is planned to be completed in the second quarter of 1982. 
The design of a demonstration plant could begin as early as 
the fourth quarter of 1982, leading to a start-up date of about 
1988. 

The H-Coal p i lot  plant at Catlettsburg, Kentucky, has been 
operational since June 1980. This plant has a capacity of 600 
tons per day of  coal feed. Support work in a 3 tons per day 
process development unit is also continuing. Groundbreaking 
for'a commerical plant in Breckinridge, Kentucky, is planned 
for 1983. The commercial plant is expected to start production 
as early as 1987. 
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SRC-I PROCESS (!) 

The SRC-I is a process for converting high'sulfur, high-ash coals to 
a low-sulfur and substantially ash-free solid fuel. In the SRC-I process 
(Figure • I ) :  feed coal is pulverized "an d slurried in a process-derived 
sol.vent, This slurry is then pumped to reaction pressure (2000 PS.ig), 

mixed with hydrogen-rich recycle ga{, and then heated to reactiontemperature 
in a fired-heater. Within the fired-heater, coal dissolution is accomplished 
and hydrogenation reactions begin. At the exit of the fired-heater•: hot 
hydrogen makeup gas from a hydrogen makeup area is added to the slurry, and 
the mixture is sent to the djssolver. 

The dissolver effluent is flashed. The raw gas is .sent to gas purifica- 
t ion,  and the slurry containing unconverted coal and ash from the low-pressure 
flash is sent to a vacuum column, where process solvent and lighter compo- 

n!nts are removed from the SRC slurry. The SRC "a.sh.. slurry isthen sent to 
solvent deashing unit, where i t  is separated into:SRC and ash concentrates. 
The ash concentrate, consisting of ash and unreacted coal, and some 
residual SRC, is gasified with steam and oxygen. The syngas produced: after 

shift  conyersion and acid gas removal, is converted to hydrogen and sent i~o 
the dissolver unit as makeup, The major portion of the SRC concentrate is 
solidified into the primary final product, solvent refined coal...• 

SRC-Ii PROCESS (.2) " 

The'SRC-II process is designed to produce low-sulfur liquid fuel from 
high-sulfur bituminous coals. As shown in Figure 2, raw coal is pulverized, 
mixed with a recycle slurry stream from the process, and then pumped together 
with recYcle and makeup hydrdgen through a preheater to a dissoiver operated 
athigh temperatOre and pressure. The coal is first dissolved in the liquid 
portion of the recycle slurry and then largely hydrocracked to liquids and 
gases. Much of the sulfur, oxygen, and nitrogen in the original coal i s  
hydrogenated to hydrogen sulfide, water, and Bmmonia, respectively. The 
rates of these reactions are increased•by the catalytic activity of the un- 
dissolved mineral residues. The, recycle of a portion of the Product slurry 
contributes substantially to theprocess by increasing the concentration of 

catalytic.mineral residue in the reactor. 
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The dissolver effluent is separatedinto gas, l~ght.hydrocarbon l iquid 

and slurry streams using conventional flashing and fractionationtechniques. 

A portion of the mineral residue slurry and hydrocarbon l iquid from the 

separation area is recycled to blend with the feed coal in the slurry prepar- 

ation plant. The balance of the mineral residue slurry is vacuum flashed 
to recover the fuel oi l  product. 

The dissolver area gas stream (consisting primarily of hydrogen, l ight 

hydrocarbons, and hydrogen sulfide) is treated for l iquid hydrocarbons and acid 

gas removal, and the major portion of this gas is then recycled to the process. 

Makeup hydrogen for the process is produced by the gasification of mineral 

residue slurry to produce synthesis gas, followed by shif t  conversion. 

Liquid products from the main process area are refined in the fraction- 

ation section into naphtha, l ight  fuel o i l ,  and heavy fuel o i l .  Various by- 

product l iquid and gas streams are treated further in the gas plant to produce 

propane, butane, and pipeline gas. Secondary recovery plants are provided 
to recover ammonia, tar acids and sulfur. 

EDS PROCESS (3) . . . . . . . . .  
i 

The Exxon:Donor Solvent (EDS) is a noncatalytic process that liquefies 

coal by the use of a hydrogen donor solvent obtained, from coal-derived 

d is t i l la te .  The donor solvent transfers hydrogen to the coal, thus promoting 
the liquefaction of coal. 

In the EDS process (Figure 3), ground coal is slurried with the recycle 

donor solvent. The slurry is heated b3/ a fired-heater, and preheated hydrogen 

is added. The liquefaction reaction is carried out in a tubular reactor at i 

800:-900 ° F and 2000 psig. Products from the liquefaction reactor are sent to 

several stages oi ~ separation units for recovery of gas, naphtha,, middle dis- 

t i l l a t e ,  and bottoms comprised primarily of unreacted coal and mineral matter. 
Solid and l iquid products are separated by d is t i l la t ion,  i 

o • 
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The heavy vacuum bottoms from d i s t i l l a t i o n  are fed to a FLEXICOKING 

unit with a i r  and steam to produce additional d i s t i l l a t e  l iqu id  products and 

a low Btu fuel gas for process furnaces. In the FLEXICOKING unit :  essen- 

t i a l l y  a l l  organic material in the vacuum bottoms is recovered as l i qu id  
product or combustible gases. 

Hydrogen for in-plant  use is produced by steam reforming of l i gh t  hy- 

drocarbon gases. An al ternat ive method for hydrogen production is par t ia l  

oxidation of the heavy vacuum bottoms or of coal. 

H-COAL PROCESS (4) 

The H-Coal process is a cata ly t ic  hydroliquefaction process that converts 

high-sul fur coal to e i ther a low-sulfur bo i le r  fuel or to a ref inery syncrude. 

In this process (Figure 4), coal is dried and crushed, then s lurr ied with 

recycled o i l  and pumped to a pressure of 2000 atm, Compressed hydrogen is 

added to the s lur ry ,  and the mixture is preheated and •charged continuously to 

the bottom of the ebullated-bed cata ly t ic  reactor. Upward passage of the in ter -  

nal ly  recycled reaction mixture maintains the cata lyst  in a f lu id ized state 

(catalyst ac t i v i t y  is maintained by the semicontinuousaddition of fresh catalyst 

and the withdrawal of spent catalyst) .  Typical mixing temperature entering the 

reactor is 600 ~ toTOO=F. 

The vapor product leaving the top of the reactor is cooled tocondense 

the heavier components as a liquid. Light hydrocarbons, ammonia and hydrogen 

sulfide, are absorbed and separated from the remaining gas, leaving a hydrogen- 

rich gas which is recompressed and recycled to be combined with the input slurry. 

The liquid-solid product, containing unconverted coal, ash, and oi l ,  is fed into 
a flash separator. The bottoms product containing solids and heavy oil is 

further separated with a hydroclone, a steam stripper, and a vacuum s t i l l .  

The gas and liquid products !hydroca~bon:gas: hydrogen sulfide, amino' 
nia, light and heavy distillates, and residual fuel) may be further refined 
while heavy disti l late is recycled as the slurry medium. 
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APPROACH TO PROCESS CHARACTERIZATION 

A methodologyhas been established that uses a baseline design for  each 

process, sized at 100,000 bbls/day net equivalent of product l iquids,  fuel 

gases, and coal-replacement sol id products. The design and p i lo t -p lan t  ex- 

perience of the several l iquefact ion processes has been l imi ted to certain 

types of feed coals, so that the guidance document w i l l  have to recognize that 

expected variations in proposed l iquefact ion plant feed coals wi l l  bel imi, ted 

to an experience range. This w i l l  be par t icu lar ly  c r i t i ca l  for the non- 

cata ly t ic  SRC-I and SRC-ll processes, which depend on the cata ly t ic  properties 

of constituents found in bituminous coals for  adequate y ie lds.  At least two 

feed coals w i l l  be used in the PCGD analysis for each given l iquefaction 

process, with l l l i n o i s  No. 6 grade being common to a l l  processes. I n i t i a l  

baseline design concepts are being prepared and submitted for comment to 

the developers of the four l iquefact ion processes. In most cases, commercial 

design concepts of these process developers are somewhat of a moving target, 

and i t  is generally recognized that the baseline design cases w i l l  not neces- 

sari ' ly represent a par t icu lar  f ina l  design configuration. The process developers 

w i l l  be asked to confirm that proposed baseline designs represent a feasible 

plant configuration~ and to estimate the impact that various design options may 

have on the waste stream characterist ics of a baseline case. The goal of this 

preparatory step is to provide a process description that EPA permit reviewers 

can reasonably comparewith submitted applications. 

The i n i t i a l  baseline designs, including material balances and flowcharts 

which ident i fy  the major and minor stream constituents at key points, a re  

being prepared byincorporat ing p i lo t  plant test results and engineering estimates 

with commerical-plant design cases that have been released byeach process 

developer. A c r i t i ca l  feature of these analyses w i l l  be the validation and 

interpretat ion of p i lo t -p lan t  test data. Determinations w i l l  be made as to 

whether these data were obtained under steady-state conditions, using standard- 

.i red s amp ~ i ng._and_ ana !y§.is_te ch n} g ues..The_ uncont ro] led cons t i tuents.j n_ 
:each waste stream ( gaseous, liquid, or  solid) have to be estimated in these. 
baseline design cases in order to realistically e~aluate control technology 

o- 
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requirements. A substant ia l ly  inaccurate estimate could lead to e i ther  inade- 

quate control technology speci f icat ions or unnecessary pol lu t ion control invest- 
ment requirements. • 

The. major gaseous, emi ssi on • streams requi r ing control include the  fo l  1 owing: 

• Fugit ive dust emissions from coal storage . . . . . .  

• Fugit ive dust emissions from coal and slag handling -. ~ 

• Fugit ive hydrocarbon emissions from valves,-f langes, and seals 

• Fugit i 've hydrocarbon emissions from product and byproduct istorage 
• - Of.f gas from coal .dryer .. 

• Acid.gases containing H2S, C02,COS, CS2, and mercaptans and NH 3 
• from sour water s t r ipp ing units ., 

• Flue gas from process heaters 

• F lue  gas from steam plant 

• e;- Flue gas-from power plant 

e Evaporation and d r i f t s  from cooling towers 

An essential element of these uncontrol led stream charaterizat ions is the 

fug i t i ve  vapor emission category. A very l im i ted  •amount of  ambient"organic 

vaPor sampling has been conducted at the SRC-II p i l o t  plant at Ft:; Lewis. 

Although th is  sampling and analysis e f f o r t  cannot be d i rec t l y  extrapolated ~co 

fu l l - sca le  plants because of  operations which are unique to the p i l o t  

plant,  the measurements o f fe r  some ins ight  in to the a b i l i t y  of heavy ~ organics 

(e .g, ,  POM) to disperse into the Surrounding atmosphere.as a resu l t .o f  small 
vapor emissions. 

• • 

The major wastewai~er streams requi r ing control include the fo l lowing:  

• Sour process wastewater from vapor washes, condensers; 
f r a c t i o n a t o r  overhead drums,, su l fu r  recovery plant,  and 
coal Slurry mixing operation . . . .  

e Cooling tower blowdown 

• Boi ler  blowdown 

• Coal p i le  runoff  . 

• Oily water runoff from processing areas 
• Miscellaneous. small wastewater streams 

• %" . • 

• • Untreated wast•water characterizations w.il I be derived '• from measurements 
conducted by proc,ess developers, EPA, and DOE sampling, and analysis, efforts. 
Some judgements w i l l  have to be made conce.rning t:he effects of coal feed 
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character ist ics and process operating configurations on these measurement 

values. Most of these measurements have focused on process wastewater (or 

"sour water", fol lowing ref inery terminology). Other anticipated sources of 

wastewater include coal p i le  and area runoff ,  cooling tower blowdown, and 

discharge from dust col lect ion and conveying use. These other catagories are 

analagous to related discharges from coal handling and other industr ia l  
operations. 

Solid waste discharges wi l l  include gasifier slag (from hydrogen syn- 

thesis), spent" catalysts, wastewater and raw water treatment sludges, and 

possibly non-salable byproduct residues. Some limited amount of leaching 

tests have been done to characterize gasifier slags and some residue material, 

but more work wi l l  have to be done before a determination can bemade as 

to the possible characterization of these wastes as non-hazardous or hazardous. 

CONTROL TECHNOLOGY EVALUATION 

EPA permit reviewers wi l l  be faced with a range of possible control 

technologies connected with direct liquefaction process designs. To help 

the permit reviewers in their examination of submitted plans, anumberof 

best-available-control-technology (BACT) options wi l l  be evaluated for each 

potential waste stream for each of the four major liquefaction processes. 

In addition, two levels of control effectiveness wi l l  be included. The 

evaluation of each control technology wi l l  include the efficiency of pollu- 

tant removal from a stream, multipollutant removal capability, installed and 

operating cost, re l i ab i l i t y ,  turndown ratio, sensit ivity to process stream 

conditions, energy consumption, and any other operating history information 

such as maintenance requirements. 

A primary air pollution control concern in liquefaction processes is 

the treatment of acid gases generated in the liquefaction reactor, from sour 

water stripping, and in gasification of residiuum streams to make hydrogen. 

A typical process design method for removing CO 2 and H2S constituents from 

these streams is some form of absorption, such as DEA, Selexol, or Benfield 

processes. The H2S-rich gas stream stripped from the absorbing l iquid 

constitutes the acid gas stream requiring further control. Representative 
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acid gas stream compositions are shown in Table i. TheSe streams can be 
subjected to two stages ofsulfur removal. Concentrated (20-70%)H2S streams 
will be handled by a process technology that does bulk sulfur •removal. The 
Claus sulfur recovery process is the most likely Candidate for this job: 
based on a long history of refinery and gas processingexperience, but 
investigations are underway to evaluate Stretford process applicability with 
high H2S concentrations. Residual sulfur removal options are numerous; some 
technologies accept Claus tail,gas directly and hydrolize .S02 to"H2s, others 
require oxidation of H2S in the stream to SO 2. The PCGD evaluation will 
evaluate many combinations of control technology types to. establish BACT 
performance andcost ranges. 

An example of a numberof combinations is shown in Table 2~ usingtwo 

bulk-sulfur removal options, three residual sulfur removal options, and a 
final incineration step option (for potential trace organ~.C rem~V~] and 

oxidation of trace sulfur to SO2). 

. 
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TABLE 2 

Bulk-S Removal 

Cl aus Stretford 

1 

2 

3 

4 • 

5 • 

6 • 

i 

• /  

Residual-S Removal 
• .SCOT/ .Wel].man- 

Beavon SUPERSCOT •Lord 

i> 

i" 

i 

Incineration 

. °  

An additional combination will be examined for streams containing very low 
H2S ( or COS,. CS2 etc.) concentrations, since these may be directly incinerated. 

Both capital and operating costs will be determined according to the 
standardized :guidelines prepared by IERL/RTP (5). The impacts on other media 
for any of the pollution control technologies will also be quantified; the acid gas 
gas treatmentsystems above;will produce spent catalysts as well as minor 
liquid purge streams. A substantial.non-hazardous solid waste quantity will 
require disposal planningif the recovered sulfur is notisalable~:.WaStewater ....... 
treatment guidance is expected to emphasize the stripping ofammonia and 
H2S from sour waterstreams, and the absorptionof phenols~ .The sequence 
of these byproduct recovery steps may be significant to recovery.efficiency. 

Subsequenttreatment steps will be selected to minimize the release o f  
trace organics and heavymetals to the environment.. Investigation s of"zero 
discharge" evaporative methods are currently being compared with more con- 
ventional biological treatment technologies. A high degree of water reuse 
will be emphasized no-matterwhat treatment method,s used. : . ,  

i 



The impact on solid waste handling and management requirements may be 

substantial, depending on the control options recommended for wastewater 

treatment and air pollution control technology. The cost and stringency 

of solid waste management practices wil l  be greatest for wastes designated 
as "hazardous under RCRA definitions. 
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